We study the scaling relations between dark matter (DM) haloes and galaxy discs using 175 galaxies from the SPARC database. We explore two cosmologically motivated DM halo profiles: the Einasto profile from DM-only simulations and the DC14 profile from hydrodynamic simulations. We fit the observed rotation curves using a Markov Chain Monte Carlo method and break the disc-halo degeneracy using near-infrared photometry and ΛCDM-motivated priors. We find that the characteristic volume density ρ s of DM haloes is nearly constant over ∼5 decades in galaxy luminosity. The scale radius r s and the characteristic surface density ρ s · r s , instead, correlate with galaxy luminosity. These scaling relations provide an empirical benchmark to cosmological simulations of galaxy formation.
INTRODUCTION
In the cold dark matter (CDM) paradigm, the observed flat rotation curves of disc galaxies (Bosma 1978; Rubin et al. 1978 ) are attributed to DM haloes. The scaling relations between DM haloes and baryonic discs provide strong constraints to galaxy formation models and have been extensively explored (e.g. van Albada et al. 1985; Kent 1987; de Blok & McGaugh 1997) . In particular, Kormendy & Freeman (2004 , 2016 collected tens of rotation curve fits with nonsingular isothermal halo profiles and found that the halo central density ρ 0 and core radius r c are correlated with galaxy luminosity, while their product ρ 0 · r c is nearly a constant. The constancy of ρ 0 · r c was also found by Spano et al. (2008) and Donato et al. (2009) using different cored DM halo profiles.
A well-known problem in fitting rotation curves is the disc-halo degeneracy (van Albada et al. 1985) : the DM halo parameters are strongly degenerated with the assumed stellar mass-to-light ratio (Υ ). This can bias the resultant correlations if one does not properly delineate disc and halo contributions to the total rotation curves. In order to break the degeneracy, Kormendy & Freeman (2016) used the stellar-to-halo mass (SHM) ratio. Thus, simulations with and without baryonic process suggest different halo profiles. It is then of interest to explore the empirical scaling laws for these simulation-based DM profiles. Katz et al. (2017) use 147 late-type galaxies from the SPARC database to show that the DC14 profile gives better fits to rotation curves than the NFW profile (Navarro et al. 1996b ). Here we consider the Einasto and DC14 profiles to study scaling laws between DM haloes and baryonic properties of galaxies. Since we consider two cosmologically motivated DM profiles, we can impose ΛCDM priors on halo parameters: the SHM correlation from multiepoch abundance matching and the mass-concentration (c-M) relation from simulations. The SHM relation can help break the disc-halo degeneracy and the c-M relation breaks the degeneracy between halo parameters. We use homogeneous mass models for 175 galaxies with Spitzer photometry at 3.6 µm, which further help to break the disc-halo degeneracy since Υ is almost constant in the near infrared (e.g., McGaugh & Schombert 2014; Meidt et al. 2014) .
In Section 2, we introduce the SPARC database, the two halo profiles, and the Bayesian analysis along with the corresponding priors. In Section 3, we show fits of DC14 and Einasto profiles and then present the correlations between DM haloes and galaxy discs. For comparison to Kormendy & Freeman (2016) , we also apply the maximum disc method to the pseudo-isothermal profile. We discuss our results in Section 4.
METHOD

SPARC database
The SPARC database ) includes 175 latetype galaxies spanning a wide range in surface brightness (4 dex) and luminosity (5 dex). Their luminosity profiles are well traced by Spitzer photometry at 3.6 µm. According to stellar population synthesis models, Υ varies little with star formation history of galaxies in near infrared bands (e.g., McGaugh & Schombert 2014; Meidt et al. 2014) . As such, the stellar mass distributions are well determined by Spitzer photometry, providing a physically motivated way to break the disc-halo degeneracy. The wide range in galaxy luminosity, Spitzer photometry in the near infrared band, accurate rotation curves, and relatively large sample make SPARC ideal to explore the properties of DM haloes and their relations to galactic discs.
Halo models
We explore two halo profiles, Einasto and DC14. The Einasto density profile (Navarro et al. 2004 ) is given by
with r s the scale radius, ρ s the characteristic density and α describing the rate at which the logarithmic slope decreases towards the center. Its enclosed mass profile (Mamon & Lokas 2005; Merritt et al. 2006 ) is given by M(r) = 4πρ s exp 2 α r 3 s 2 α
where Γ(a, x) = ∫ x 0 t a−1 e −t dt is the incomplete Gamma function.
The DC14 profile is in the form of the (α, β, γ) model (Hernquist 1990; Zhao 1996) ,
where β defines the outer slope, γ the inner slope, and α measures the width of the transition region. The values of these parameters depend on the SHM ratio: 
where X = log(M /M halo ) is the logarithmic SHM ratio, M is the stellar mass, and M halo is the total halo mass. For X < −4.1, the profile returns to the NFW form since there is not enough energy from supernovae to substantially modify the halo profile. For X > -1.3, feedback from active galactic nuclei is expected to be important and the DC14 profile may not be an effective description any more since it takes only stellar feedback into account. Following Katz et al. (2017) , we consider X = -1.3 as the highest possible value for SPARC galaxies. With the constraints of equation 4, the DC14 halo has only two free parameters. Its enclosed mass within radius r can be calculated by changing the variable from r to = (r/r s ) α 1 + (r/r s ) α 
where B(a, b, x) = ∫ x 0 t a−1 (1 − t) b−1 dt is the incomplete Beta function, a = (3 − γ)/α and b = (β − 3)/α.
We define the dimesionless radius x = r/r s and adopt the virial radius r 200 inside of which the average density is 200 times the critical density of the universe (ρ crit = 
where H 0 is the Hubble constant (73 km s −1 Mpc −1 in this paper). With these notations, the rotation velocity from DM haloes is given by
where c = C α
200
1+C α
. The total rotational velocity is given by
where V disc , V bul and V gas are the contributions of disc, bulge and gas, respectively, as tabulated in the SPARC database . Υ disc and Υ bul are the stellar mass-to-light Υ disk Figure 1 . Rotation curve fits and posterior distributions of fitting parameters for the dwarf galaxy IC2574 using Einasto (left) and DC14 (right) profiles. Green, blue and black lines show the contributions of gas, disc and dark matter, respectively. Red lines represent the total fitted rotation curves. The complete figure set of 175 images is available at the SPARC website.
ratios of disc and bulge with fiducial values of 0.5 and 0.7, respectively. As described in Li et al. (2018) , galaxy distance (D) and disc inclination (i) affect the stellar components and the total observed rotational velocities (V obs ), respectively. They transform as
where k denotes disc, bulge or gas, respectively. We allow D and i to vary by imposing Gaussian priors with standard deviations given by the observational errors. Thus, the free parameters in our fits are totally fixed by Υ , D, i, V 200 , C 200 and additionally α for the Einasto model.
Bayesian analysis
For both Einasto and DC14 models, we map the posterior distributions of halo parameters, as well as the three galactic parameters (Υ , D, i) using the open source Python package emcee (Foreman-Mackey et al. 2013) . In Bayesian analysis, posterior distributions are determined by priors and likelihood functions. The latter is chosen as exp(− 1 2 χ 2 ) in which χ 2 is defined in terms of rotational velocities,
where δV obs is the uncertainty on rotational velocities. We impose the same priors on galactic parameter as in Li et al. (2018) : Gaussian priors on D and i around their tabulated values in the SPARC database with standard deviations given by the observational errors; lognormal prior on Υ around their fiducial values Υ disc = 0.5 and Υ bul = 0.7 with a standard deviation of 0.1 dex suggested by stellar population synthesis models Lelli et al. 2017) . We set loose boundaries on halo parameters: 10 < V 200 < 500 km/s, 0 < C 200 < 100 for Einasto and DC14 models, and 0 < α < 2 for Einasto. We obtain one set of fits with flat priors on halo parameters and another one with ΛCDM priors, comprising the SHM and mass-concentration relations.
The SHM relation (Moster et al. 2013 ) presents a lognormal distribution around the mean relation,
with a scatter of σ(log M ) = 0.15 dex. The parameters in the equation are fixed by multi-epoch abundance matching: log(M 1 ) = 11.59, N = 0.0351, β = 1.376 and γ = 0.608. Halo concentrations and halo masses are found to follow a power law (Macciò et al. 2008) ,
with an intrinsic scatter of 0.11 dex. The parameter a and b depend on cosmology and adopted DM profiles. Macciò et al. (2008) gives specific relations in different cosmologies. We adopt the values corresponding to the W M AP5 cosmology (equation 10 in Macciò et al. 2008) , which gives a = 0.830 and b = −0.098 for DC14. For the Einasto model, the only available results are for the Planck cosmology ): a = 0.977 and b = −0.130 . In the SPARC database, the distances of some galaxies are estimated with flow models assuming H 0 = 73 km s −1 Mpc −1 . This is consistent with the local distance scale (Tully et al. 2016; Riess et al. 2016) but is not entirely consistent with either cosmology. Flow distances have large errors, so this small inconsistency plays a very minor role and only affect the final values of the best-fit distances. For the extra parameter α in the Einasto model, Dutton & Macciò (2014) shows that its value depends on halo mass,
where log ν = −0.11 + 0.146m + 0.0138m 2 + 0.00123m 3 and m = log(M halo /10 12 h −1 M ). The measured standard deviation in their simulation is 0.16 dex around the above relation. This constraint is important. Left free, α can mimic a constant density core. This can provide good fits to rotation curves, but is not consistent with ΛCDM (Chemin et al. 2011) . The above relations compose the ΛCDM priors. We then use the standard affine-invariant ensemble sampler in emcee to map the posterior distributions based on the above likelihood function for both flat and ΛCDM priors.
RESULTS
Individual fits
In Figure 1 , we show an example fit for a gas-dominated dwarf galaxy (IC 2574). The best-fit parameters of these two profiles are close, except that Einasto prefers a smaller concentration than does DC14. This is a general trend for SPARC galaxies, which is due to the large values of α as shown in Figure A4 . For IC2574, α = 0.76. This is larger than the expectation of the imposed ΛCDM prior. This is a manifestation of the cusp-core problem: the fits frequently prefer α that are more consistent with a cored DM halo profile.
Fit goodness
To check the fit quality of Einasto and DC14 models, we inspect the cumulative distribution functions (CDF) of their χ 2 ν for both flat and ΛCDM priors (Figure 2 ). Flat priors give better fits than ΛCDM priors due to the weaker constraints on the free parameters. The resulting best-fit values, however, do not necessarily agree with the expectations from ΛCDM cosmological simulations. For example, for flat priors, although the Einasto profile gives better fits to SPARC galaxies than DC14, its shape parameter α is systematically higher than expected (see Figure A4 ). In general, we explore flat priors just to check the maximum ability of a model to fit real galaxies.
When the ΛCDM priors are imposed, Einasto and DC14 models show comparable fit quality, but Einasto is making use of an additional parameter. In the appendix, we show the distributions of galactic parameters and check how well the ΛCDM priors are recovered. We also check that the SHM ratios for both models are in the range of [-3.5, -0 .5] for SPARC galaxies, thereby allowing sufficient stellar feedback. The resultant χ 2 ν do not correlate with SHM ratios, indicating neither model introduces any systematics. Since both profiles can describe the data comparably well, we proceed to explore possible disc-halo correlations.
Correlations between halo and disc properties
In Figure 3 , we plot r s (top panels), ρ s (middle panels) and ρ s · r s (bottom panels) against the observed luminosity at Lelli et al. 2016 for details). Both galaxy luminosity and disc scale length from the SPARC database are converted to the new best-fit distances. The uncertainty in R d is dominated by the error in distance. The uncertainty in L [3.6] is the quadratic sum of errors on distances and flux as tabulated in SPARC. We calculate errors on r s and ρ s · r s by error propagation based on the uncertainties in the fitting parameters. In the top panels, both r s and R d show an apparent correlation with galaxy luminosity. To quantify the strength of these correlations, we calculate their Pearson r coefficient and find, r(r s ) = 0.65, r(R d ) = 0.81 for Einasto and r(r s ) = r(R d ) = 0.77 for DC14, indicating strong correlations. We fit the data to a linear relation in log-space:
for Einasto and log r s = (0.27 ± 0.02) log L [3.6] − (1.6 ± 0.17),
for DC14 as shown in Table A2 and A2. Although Einasto and DC14 show different power laws in halo scale radius, they almost share the same correlation between R d and L [3.6] . Lelli et al. (2016) 
for Einasto and
for DC14. These strong correlations are in contrast with what Kormendy & Freeman (2016) found: a roughly constant central surface density, ρ 0 · r c ∝ L 0.058±0.067
B
. We note, however, that the product ρ s · r s has a different meaning from ρ 0 · r c in Kormendy & Freeman (2016) as they use a different halo model. The constant central density of their non-singular isothermal halo contrasts with the variable inner density profile of the Einasto and DC14 halo models. This issue is further discussed in the next Section. Remarkably, r s and ρ s · r s correlate with galaxy luminosity with the same power law for both halo profiles. This suggests that the characteristic volume density ρ s is almost constant. This is evident from the middle panels of Figure 3 . The Pearson r products indeed are negligible (∼ -0.01) for both profiles. The best-fit relations are almost flat with log(ρ s ) = −2.7 ± 0.3 [M pc −3 ] for Einasto and log(ρ s ) = −2.3 ± 0.1 [M pc −3 ] for DC14. Since our fits recover a tight stellar-to-halo mass relation (see Figure A3 ), it is clear that ρ s does not correlate with halo mass either.
We colour-code galaxies by Hubble type in all panels of Figure 3 . The well-known correlation of galaxy type with luminosity is obvious. We see no evidence for a dependence of halo parameters on morphological type beyond the variation with luminosity (cf. Korsaga et al. 2018a,b) . Figure 4 shows the histograms of the volume density parameter ρ s for both profiles. Despite the limited statistics, they roughly show Gaussian shapes. We fit their distributions to Gaussian functions (red lines). The fitted Gaussian profiles have mean values of -2.7 and -2.3 for Einasto and DC14, respectively, consistent dex. These are smaller than the rms scatter (0.48 dex for Einasto and 0.50 dex for DC14) due to outliers. In Figure 5 , we plot ρ s · r s against galaxy luminosity when imposing a flat rather than Gaussian prior. The fitted solid lines for both profiles still show correlations with galaxy luminosity, but with significantly larger scatter. The degeneracy between ρ s and r s increases the uncertainties on ρ s · r s dramatically for both models. Thus, before we can make claims about the constancy (or lack thereof) of the product ρ s · r s , the degeneracy must be broken.
A detailed study of the Einasto profile was performed by Chemin et al. (2011) fitting 17 rotation curves from the THINGS survey (Walter et al. 2008; de Blok et al. 2008 ). When using a Kroupa IMF (Kroupa 2001) , their values of Υ are around 0.5, which is consistent with our stellar population synthesis prior. In the left panel of Figure 5 , we overplot their results (from their Table 2) as white stars. The SPARC sample is about one order of magnitude larger than that in Chemin et al. (2011) , so our scaling relations are better defined.
The relation between the halo parameters ρ s and r s themselves are shown in Figure 6 . Similar relations were explored before using smaller galaxy samples (e.g., Chemin et al. 2011; Kormendy & Freeman 2016) . Figure 6 shows that late-type and early-type disc galaxies cover distinct regions in the r s − ρ s plane: late-type galaxies (Sd to Im) tend to have lower halo densities at a given r s than earlytype spirals (S0 to Sc). Late-type galaxies have, on average, lower surface brightness than early-type galaxies (e.g. Lelli et al. 2016 ), so Figure 6 suggests that low-surface-brightness galaxies may inhabit lower density haloes than high-surfacebrightness galaxies (de Blok & McGaugh 1996; McGaugh & de Blok 1998) . The data are consistent with a trend of increasing r s with decreasing ρ s , but we refrain from fitting power-laws because the trend is driven by a few extreme objects, and may depend systematically on morphological type. For the Einasto profile, we also investigated the relations between α and the other halo parameters, finding no significant correlation with either ρ s or r s .
COMPARISON WITH PREVIOUS WORK
The correlation between ρ s · r s and galaxy luminosity seems to contradict the constant ρ 0 · r c found in previous studies (Spano et al. 2008; Donato et al. 2009; Kormendy & Freeman 2016) . However, these two quantities are not exactly the same, since ρ 0 is the central volume density of cored DM halo profiles, while ρ s is the characteristic volume density of the Einasto or DC14 profiles. Moreover, we use different analysis methods.
To break the disc-halo degeneracy, Spano et al. (2008) assume constant Υ at R band, but stellar population synthesis models predict strong variation of Υ in optical bands (e.g. McGaugh & Schombert 2014). Donato et al. (2009) delineated stellar contributions using a mixture of methods such as fitting the universal rotation curve (Persic et al. 1996) and adopting spectro-photometric galaxy models. Thus, the contributions of each component strongly depend on the efficacy of the modelling. Kormendy & Freeman (2016) adopt the maximum disc method, which may be unphysical for low-mass and low surface-brightness galaxies (e.g. Starkman et al. 2018 ). Moreover, all these studies assume flat priors on the halo parameters. As we showed in the previous Section, flat priors can significantly blur the ρ s · r s correlation with galaxy luminosity. In the following, we show that the method to break the disc-halo degeneracy also makes a big difference.
To understand the origin of these different results, we employ the maximum disc method and fit the pseudoisothermal (pISO) profile,
where ρ 0 · r 0 has the meaning of central surface density. To implement the maximum disc method, we adopt the maximum disc values of Υ from Starkman et al. (2018) . For consistency, we fix galaxy distances and disc inclinations to the original values from the SPARC database. Therefore, the only fitting parameters are those on DM haloes. For better comparison with Kormendy & Freeman (2016) , we impose flat priors on halo parameters. The resultant ρ 0 · r 0 against galaxy luminosity is shown in Figure 7 . The correlation between ρ 0 · r 0 and galaxy luminosity is pretty weak: its Pearson r value is 0.16. The fitted line has a slope of 0.075 ± 0.035, consistent with that of Kormendy & Freeman (2016) . Thus, we obtain the same result when we make comparable assumptions about the disc and halo.
The maximum disc method gives a different result from our population synthesis result. According to the correlations shown in the previous section, more luminous galaxies tend to have larger r s and ρ s · r s while leaving ρ s almost constant. However, the maximum disc method makes stellar discs to contribute as much as they can, which compensates the contribution from DM haloes. It hence leads to a constant central surface density (ρ 0 · r 0 ) of dark matter. Our result differs because of the different prior on Υ disc , not because of any conflict in the data. The maximum disc method pushes the Υ disc for low-mass galaxies to unreasonably high values, so this prior seems less physical than the population synthesis prior.
CONCLUSIONS
In this paper, we fit SPARC galaxy rotation curves with two simulation-motivated profiles (Einasto and DC14) and show that the properties of DM haloes and stellar discs are strongly correlated. However, the characteristic volume density ρ s is constant over 5 dex in luminosity for both profiles. Although different galaxies show quite different rotation curves, they consistently require constant ρ s . The constant volume density provides new insights into galaxy formation. It indicates that halo volume density is unrelated to galaxy luminosity. In the ΛCDM context, more luminous galaxies must be hosted in bigger haloes, but the halo size and mass must progressively increase in order to keep the characteristic volume density constant. It would be interesting to see whether this phenomenology is reproduced in cosmological simulations of galaxy formation. Presumably, the characteristic volume density of DM haloes depend on the implementation of baryonic physics (star formation, stellar feedback, etc.), so our scaling relations provide crucial benchmarks for theories of galaxy formation.
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APPENDIX A: CHECKING THE DISTRIBUTIONS OF GALACTIC PARAMETERS AND ΛCDM PRIORS A1 Distributions of galactic parameters
We plot the distributions of optimized galactic parameters for Einasto and DC14 models in Figure A1 and A2, respectively. The distributions of Υ are shown in the top panels for both models. Red dashed lines indicate their fiducial values (Υ disc = 0.5 and Υ bul = 0.7 according to McGaugh et al. 2016) . We check that the median values of the optimized Υ disc for Einasto and DC14 are close to the fiducial value: 0.49 for Einasto and 0.52 for DC14. Einasto clearly shows a tighter distribution than DC14. There are 32 galaxies in the SPARC database hosting a bulge and the distributions of their optimized Υ bul are shown in top-right panels. Their median values for both models are slightly smaller than the fiducial value: 0.63 for Einasto and 0.58 for DC14.
In the bottom panels, adjusted distances and inclinations are plotted against their original values as tabulated in the SPARC database. Errors on the adjusted values are calculated by the output of 'std' in the open software 'GetDist'. Distances of SPARC galaxies are measured with five different methods: the Hubble flow corrected for Virgo-centric infall, the tip of the red giant branch (TRGB) method, the magnitude-period relation of Cepheids, membership to the Ursa Major cluster of galaxies (UMa cluster), and supernovae (SN) light curves. Hubble flow is the least accurate method, hence the corresponding distances present large scatter for both models, while the distances from other methods mostly stay on the line of unity. There are systematic discrepancies in the distributions of distances and inclinations for both models: Einasto prefers smaller distances and inclinations, while DC14 prefer larger values.
Interestingly, Einasto and DC14 show opposite systematics. Smaller D corresponds to a smaller contribution of baryonic matter, while smaller inclinations lead to an increase in the amplitude of rotation velocities. This suggests that Einasto haloes provide a systematically larger contribution to the total rotation velocities than DC14 haloes.
A2 Priors of halo parameters
To check whether the ΛCDM priors we impose are recovered, we plot the SHM and mass-concentration relations for both models in Figure A3 . Both models show tight SHM relations. Most galaxies are well within the 2σ region of the fiducial abundance-matching scatter. The Einasto model gives a slightly tighter SHM relation than does DC14. However, the resultant mass-concentration relations show large descrepancies for both models. There are 26.3% and 30.3% of the total galaxies outside 2σ regions for Einasto and DC14 profiles, respectively. The fractions are larger than the expectation of the 2σ confidence region (5%). Again, Einasto and DC14 Lelli et al. (2016) . In the bottom panels, we plot the optimized galaxy distances and disc inclinations against their original values. Different methods of measuring galaxy distances are represented by different colors. Large and small points represent galaxies with observational errors larger and smaller than 15% for distances and 5% for inclinations, respectively. Galaxies with low-quality flag (Q=3, see Lelli et al. 2016 ) are marked as black crosses. Black dashed lines are line of unity.
show opposite systematics: smaller and larger concentrations are preferred for Einasto and DC14 models, respectively. Recalling that the Einasto profile requires smaller contributions from baryonic distributions and larger observational rotational velocities compared to the DC14 profile, it seems contradictory that it still prefers smaller concentrations than DC14.
This effect is due to the exponential decrease of halo density in Einasto model at large radii. If the shape parameter α > 0.2, the density decrease of Einasto halo is faster than an NFW profile (see Figure 2 in Dutton & Macciò 2014). For the same total halo mass (M halo ), Einasto model with α > 0.2 places more mass closer to the center. Although this may make outer DM distribution insufficient to support a flat rotation curve, it would not contradict the data since rotation curves are not available at large radii. Therefore, when fitting rotation curves, MCMC enlarges the total rotation velocities by decreasing inclination. In the meantime, decreasing concentration could also decrease the inner mass and hence reduce halo contributions.
To check this, we use blue colour to mark those galaxies with α > 0.3 (instead of 0.2 for better illustration) in Figure A3 . Consequently, blue points apparently represent those galaxies with smaller concentration than expected.
In Figure A4 , we plot the values of α against galaxy luminosity and halo mass for both ΛCDM priors (left) and flat priors (right). In the case of ΛCDM priors, α is constant with galaxy luminosity but larger than expected for galaxies with halo mass smaller than 10 11.5 M . These galaxies are typically dwarf galaxies with slowly-rising rotation curves. Large values of α reduce the central density and give better fits to the rotation curves. In the case of flat priors, the distribution of α shows a significantly larger scatter. Most galaxies have a value of α larger than 0.3. This is qualitatively consistent with the finding in Chemin et al. (2011) while in clear contrast to ΛCDM simulations. Navarro et al. (2004 Navarro et al. ( , 2010 show that the simulated DM haloes for dwarf galaxies, large spirals and clusters are consistently better Figure A3 . Halo mass-concentration relation (left) and stellar mass-halo mass relation (right) for Einasto (top) and DC14 (bottom) when ΛCDM priors are imposed. Solid lines show the expected mean relation from cosmological simulations; dark and light bands show 1 σ and 2 σ confidence regions, respectively. Blue points represent galaxies with α > 0.3 in the Einasto profile. This is the manifestation of the cusp-core problem, as these galaxies violate the ΛCDM expectation for α even if they fall within the range expected for the mass-concentration relation. Flat priors Figure A4 . The shape parameter α of the Einasto model versus L [3.6] (top panels) and M halo (bottom panels), when imposing ΛCDM priors (left) and flat priors (right). The solid line in the bottom panels is the median relation expected from cosmological simulations and the dark and light regions correspond to 1 σ and 2 σ standard deviations, respectively. The cusp-core problem manifests itself by driving α to larger values than expected in ΛCDM. Note that this problem sometimes occurs at high as well as low mass. 
